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OP IICA LLY INDVCED HIG H EFFICIENCYG RATINGS IN AZO
POLYM1ER FILMS

HeNe 633 nm
by P Rochori', J Mlao 1. A Natansohn2, and E Bata~lia1 iro

a> o
IDepariment of Ph,.sics. Ro~al Miliary, College of Canada, Kingston.

Ontario IK7K '10O and De7ipartment of ChernistrN. Queen's University. Argon beam 514 nm
Kingston. Ontario. K7L 3\6

I.NTRODI TO sa pie

Pol~nrer materials hase been recently studied for their possible use
in the crptoclectronic and optical storage fields These material present LZdelecior
-major :cost and processing adsarizages; and thus make these very attractive
candidates for thes rapidl% adsancing technologies It has recently been
shossn that optical information can be optically stored and erasable in azt- Fgr rtn ncito eu

.cler1 This is accomplished by optically inducing a rearrangement of Fgr rtn ncito eu
thew. aniserropic mole~cules thereby inducing a controllable bitefringence
and d~chroism in an a-zc-polv mer thin film

The abthii- to chanee the refractive index properties of awo- RESULTS AND DISCUSSION'
,.i!v-sers has lea,' us tco. ir'sesirkale the possibility of using these films as
e'asae hologriaphic storaie media and to insestigate the properties of Tp ca! results for thre diffraction efficiency of the optc.ai!!.
:hesc films .%her; these are used as holographic solume gratings The grating are --,senied in Fic-are 2 The result., shos that -.hee is C-,c C-

ir ssiblm usae of sucha brtiens as cmoupingi agentsiforaligh on b rrs te a gratiniz at short times, %kith a time consiantl on the order of (t
in afil s~se gidehasbee an mpotan conideatin sc~ondls for the writing pos~ers used here Thtis is follo, ed bsý a .

The present %%ork reports the observation and recording of highly build up of a highlN efficient diffraction grating Aith
effcient, stable, erasable diffraction grating on a~zo-polymer films The characterisici time'constants in the thousands of seconds
Officiencies substantially- exceed those expected from the creation of
%olume phase gratings vhich can be recorded by optically induced
birefringenc~eX

EXPERIMENT 25 -

The measurements reported here were made on 4'-([2.
(ac7nlosslox-, lthel]etth-, I-amino] -4- nitroa~zobenizene (pDR IA) polymner thin 2

f-sThe 'polTmer preparation has already been reported1.2  The films-
sC'te made bx d:ssolving the pol'.rer in tetrah~drofuran (THF) and spin it

c. a:~ng onto a gl1ass substrate The film thicknes~ses %here of about 2.00 nim
-)e films ssere then heated abos.e the elass transition temperature of the

rp'2vrer ,ca Q' C .in order to remove remaining solsent The films'
c!rical derisit\ %sas tvpical!s CD I at 514 rim-

The gratincs %%ere o~rticalls1 inscribed onito the films using. a setup
:iLsustated in figzure I Thic writing beam w4as formed b,. expanding and_____
collimatine an argon laser beam at 5 14 nim to a diameter of three 2 I6 1 2

md:imneters This beam wkas incident onto the sample holder whichT"sed)
coris'ved of a sample stage se-t at night angles to a front surface miurror The
portion of the be-am %%hich strikes the mirror is reflected back onto the Figure 2 Diffr-action efficiency of pDR A films was
%sampie to ;nteract %kith the direct beam and form an irr'erference patten on function oftime for vanious writing beam os-%er
and throuchout the sample The vsaselength of the laser as vsell as the angle
of incidence. ax. of the Amininz beam to the sample holder can be adjusted to
change the spacirn of the interfecrence pattern The light in the interference e associate the observed behavior Aith t'o distin:- proces~e,
pattern is absorbed b% the polsrrer film and the formation of a grating has crai-redfraction In the first case the diffraction efficienc-\ r~~-

beer. oscr~edsaturate ar about ( Z 0. This behavior can be explained as being due to,
The time esoiution of the opticalli inducec gzratinL is monitored optical creation of a birefrtniience grating ftroughout the sample The iic-

iting a HeNe probe beam at 633 rim This beam is used because it is not %4hich, is reflected b\ the mrruror %%ill be partialll\ linearih polarized and Ic
aisr-so5ed b% the filrt. and ar. be left on ssuthout disr.4rtinc the results The birefitrieence can be induced in these polymers b\ usingz inearfN polantz:
probe beam is nearh. parallel to the wvrtting bean and the films are light I L sing K ogelnck's expression for the efficiencs\ of a \ olume phast
sufficientl\ thin. tha, the Braggz condition on the angle of incidence is not a grating- , %e obtain a birefritigence of -%n = 05. a rs-pica:, value I,--t
c:ritica! paiarrete7 in, :hese measurements For thicke- films care is taken to optical:\ !nduced birefringence alread.ý Observed on this material'- - k
proper1s align the probe beam, although a measurement of the absolute also ha. e confirmed this interpretation of this initial eratinc If.ormationr
d ¶Tact-ion efFicienc-s car easils be performed as a fiurc-iion of angtle in a stor~pinv the ss-riine process aler 10 seconds and erasine the :73!:;-
%jbseqien, esre'me-* To -he inscription process opticaill using: unpolansed light to ovemrwnte on the film.



The second part of the diffraction hehatvior arpears to Cmr-e frOm A(JK\QN% LEDGMNF.T. We %41sh to t hank, the Office of \3,ala'Reaan optic:all% induced mass diffusion of the polynmer The gatrnj. prnduced ( .\EC(aaa n h eateto ainlDtneCsz
d.urnng this part of the sýniing is permanent as long as the s~ample's for S ).NSEC(aaa) nihngprmn f ainlDfec a~
temperature is kept bec!xs% the 2!ass transition temperature The grating caun frfri

be erased b\ hc~i:;niý the týrn aloxe the glass transition terriperature and a
r,-%% S'atiniz can be \4w~ten onto the film after it has cooled There appears RFRNE
to be no pe ..dncn! d3---3,ed caised to the fim, in such a ýnjg eaig I j \3anrsohn. P Rochon, J Gosselin and S Nit. Nlacrorno~fc.- e,ci dlc We also note that cither gratings of d~ffenng onetitar'cn and rtn

'paingcanbe ~rten i tp of already esisting g~t~ngs It is also - .SA atroh SXeanPRcor, armleue 2555
possible to xýr;re m-.it,-le gratings by using the multiple lazing lines 2ANtnon i n ohn armlcls 5

s..-nultncous!ý3 H Koginik. Bell S\ si Tech I1,48, 290q (I 9()q

.-V. at,'nmic tQ'ce rtrcrc'scope %,as used to otain a surface p! Zfile of 4 \1 Bolle S Lazare, 10 LeBlanc. A Wilmes. Appi Ph..s Le!! 60'
t.he 67m in irder !o :o7iý4.m thall a ph~scai disp~acernent of pohmeriac~
nweiatea is in.iol.ed in the creation of the gratinor A t~pic~al rem.h is H Hiraok-a and NI Sendoxa, Appl Pbs's Lett 64, stý1 "-
presented in figu-re 3 kAc-arr using Kogelnick's e\P'ession for a thick
catauic and 25n via ref-actiix index c," I C for til's polymner \4e
o-tain a Krail ný cpth if ',4C rim, in keeping %Niiý the obseý ed re!.L;'-s The
gratiric pr~ofile e\hýNis a srrus.idai behaxior sdtich echoes the pNcrser
dens~tx prcnte of the iritcrfer~ni A~niing beams The grating spacing could
be ad.-usted fromn --K nanometcers to oxer I mricron using 5 14 rutm
-axelenvth a,, .anouis arcles of incidence TIhe fine v'ainne spacine

aie ii , rem,- of'tc the rt .entl\ repc'r'ed sb -nic-on pe~c'cii
:-'Cr. es " polymer sUlfaCCs4 5

F ar'.r -~rusi force mnicroscotr'e, surface -:7ofile

The fr~c-trna~iicn rate is -nitiaJ)\ d:rectix prcpvrtioriaý to the
s&'-7tnng beam poser ssh'ch Sust!'tests that the important parameter is the
to:aJ enersr absorr-ed hx the -poF-new The diffract.ion efficiency% is also seen

saturate at about 28 . in these samples, this is % h~at Aouid' be expevced
fC-- a 8ratin~z thickness approaching the films thickness of ahout I 70 nmr
The t.rue li-rit to the efficienc\ achiev\able ma\ Yet b~e hi,:her for thicker
fi: s

CO CL 1 S ION

Opicaill riduced d!tTraction iiratincs awe seen to hase diffraction
efficiencies %%htch far exceed that %4hich coulz be the result of induced
btref-trryence in the polirnec- film T-he present preliminar' siud ' indicates
that pol 'rnet ditffson is at :he or-Lot, of the grating formation and indicate
*that thermral effects max be insolsed although no polmer ablation is
obser-xed and that the samrnlpes are recoserable bx heatrini albose the alass

tantntemnperature of the polsmer We expect that hiLsch efficiencies
ma% be ach ~e, at, e ar-c' 'riar %-a*ints %kith much fine! spacingv as 1('%k a 25'j
nrim cv-. e4, % t -e- -icc: %nce tlie L-ratinct are oPticall\ !nd~ced a

n...r-r-e- ta;mct'n-. r vrt-oeletc--onic fieicý -tseni -hem~seles Tw~o
p~c- ca ~; a' ae -c -e vt.e c-' i Ao:S~a-e irid and optica.


